Abstract Whether intentionally or accidentally introduced, exotic species have the capacity to dramatically disrupt native communities. In central California, tiger salamanders (Ambystoma tigrinum) have been introduced as a by-product of the sport fishing bait industry. Some of these introductions are relatively well known and have resulted in the formation of hybrids with the imperiled native California tiger salamander (A. californiense). Other populations of A. tigrinum, particularly in the northern and eastern parts of the state, remain poorly characterized and are present in regions where relictual amphibian populations of other species have persisted, suggesting that these might be relictual, native A. tigrinum. We used genetic sequence data to determine the provenance of all known extralimital A. tigrinum populations in California and adjacent Oregon and Nevada through comparison with reference samples from the native range of A. tigrinum. Our results suggest that A. tigrinum have been introduced in Northern California, Southern California and the Sierra Nevada, originating from multiple sources across the Great Plains of the US. Furthermore, two populations near the California-Oregon border are most closely related to A. tigrinum populations from Washington and Oregon and may represent native tiger salamander lineages.
Introduction
The anthropogenic spread of species beyond their natural ranges has long been recognized as a negative consequence of the globalization of human activities (Elton 1958) . Nonindigenous species threaten the biodiversity of native communities and perturb ecosystem function through predation, competition, and habitat alteration (Lodge 1993; Kolar and Lodge 2001) . In addition, when introductions bring closely related species into secondary contact, hybridization and ''genetic extinction'' may occur (Rhymer and Simberloff 1996) .
Non-indigenous species have been identified as a major threat to global amphibian diversity (e.g., Blaustein and Wake 1990; Beebee and Griffiths 2005; Kraus 2009 ) and particularly California amphibian diversity (Bury and Luckenbach 1976; Fisher and Shaffer 1996) . Well-known examples of non-indigenous species that negatively affect California's native amphibians through competition and predation include bullfrogs (Rana catesbeiana ; Moyle 1973; Kupferberg 1997; Kiesecker and Blaustein 1998; Pearl et al. 2004) , crayfishes (Gamradt and Kats 1996) and fishes (Hayes and Jennings 1986; Bradford 1989; Gamradt and Kats 1996; Lawler et al. 1999; Knapp and Matthews 2000) . Additionally, tiger salamanders (Ambystoma tigrinum) have been widely introduced into California and throughout the western United States (Collins et al. 1988) , leading to hybridization with native populations (Riley et al. 2003; Storfer et al. 2004 ) and the widespread potential for the spread of disease (Picco and Collins 2008) . Hybridization is an often-overlooked consequence of biological invasions because it occurs more rarely and is more difficult to detect than the effects of competition and predation. But the effects of genetic invasions can be great (Allendorf et al. 2001) , and there are now several examples of the negative effects of hybridization with non-indigenous amphibian taxa (Arntzen and Thorpe 1999; Storfer et al. 2004; Holsbeek et al. 2008; Ryan et al. 2009; Fitzpatrick et al. 2010) .
The tiger salamander is a wide-ranging North American species that occurs from the East Coast of the United States across the Great Plains and into the Colorado, Wyoming, and Utah Rocky Mountains. Tiger salamanders are generally absent from the Great Basin deserts of Utah, Nevada, Oregon, and California, but natural populations occur in the Palouse Prairie region of central and eastern Washington (Nussbaum et al. 1983 ). The Washington portion of the range is disjunct from more eastern US populations in the shortgrass prairie of Montana, Idaho and Wyoming, with a distributional break along the Snake River Valley of Idaho. Ambystoma tigrinum has traditionally been viewed as consisting of six subspecies that exhibit variation in life history characteristics, behavior, and morphology (Petranka 1998). Molecular divergence estimates are high between the eastern and western forms of A. tigrinum, and low among the western subspecies (Shaffer and McKnight 1996) , leading some authors to recognize two species (A. tigrinum in the east, A. mavortium in the west) and abandon subspecies designations for the western taxa A. diaboli, A. mavortium, A. melanostictum, and A. nebulosum (e.g., Stebbins 2003) . Given the considerable uncertainty surrounding the systematics of the group, we continue to use the traditional classification, and refer to all of these taxa as A. tigrinum.
Currently, three types of tiger salamanders are recognized in California. (1) The California tiger salamander (A. californiense) occupies the Central Valley and inner coast ranges of central and southern California (Shaffer and Trenham 2005) and is distinct from A. tigrinum with respect to ecology and life-history characteristics (Petranka 1998) . The California tiger salamander is a California endemic species and is listed as ''Threatened'' (in the central part of its range) or ''Endangered'' (in Sonoma and Santa Barbara Counties) under the US Endangered Species Act, and is considered a threatened species under the California Endangered Species Act. (2) A. californiense 9 A. tigrinum hybrids result from intentional introductions of A. tigrinum into the Salinas Valley of California (Riley et al. 2003) . Hybridization in the Salinas Valley has resulted in the introgression of non-native genes into native populations through a large fraction of A. californiense's native range ). (3) Numerous other populations of A. tigrinum have been reported in California and nearby Oregon and Nevada. These populations occur outside the range of both A. californiense and A. tigrinum as isolated populations in Northern California, Southern California and Great Basin habitats east of the Sierra Nevada (Fig. 1) . It is on this third set of populations that we focus our attention in this paper.
Based on both morphology (Mullen and Stebbins 1978 ) and limited mtDNA genotyping (Shaffer and McKnight 1996) these populations are clearly neither A. californiense Fig. 1 Map of extralimital populations sampled. MR Moon Reservoir; GL Grass Lake; MD MacDoel Ditch; WVP Worden Vernal Pool; CLB Clear Lake Basin; LVC Long Valley Caldera; BTY Beatty; SV Salinas Valley; FHL Fort Hunter-Liggett; TSL Tom Sawyer Lake; LV Lompoc Valley; CC Chocolate Canyon. Colors represent a priori relatedness hypotheses based on geography and known introductions. See text for discussion of specific hypotheses nor A. californiense 9 A. tigrinum hybrids leaving two reasonable alternatives for their distributional status. One possibility is that some or all of these populations are relictual A. tigrinum lineages surviving from the wetter Pleistocene. Alternatively, these populations may represent introductions from the ''bait-bucket'' release of nonindigenous A. tigrinum larvae. Both hypotheses are plausible. The Northern Leopard Frog (Rana pipiens), Oregon Spotted Frog (Rana pretiosa), and Long-Toed Salamander (Ambystoma macrodactylum) are pond-breeding amphibians that also have relictual populations in some of these same areas, making it possible that native A. tigrinum lineages may have survived in isolated mesic habitat patches in eastern and northern California (Stebbins 2003) . Given the extreme sensitivity of these and other isolated relictual amphibian populations (Jennings and Hayes 1994) , it is important both from biogeographic and management perspectives to determine whether these extralimital tiger salamander populations are native, sensitive, and potentially endangered, or introduced, exotic populations that should not be protected, and possibly eliminated.
Tiger salamander larvae are frequently used as fish bait and historically have been harvested from wild populations to supply the bait industry (Slater 1934; Mullen and Stebbins 1978; Collins 1981; Collins et al. 1988; Riley et al. 2003) , likely altering the natural distributions of tiger salamanders (Collins 1981; Storfer et al. 2004 ). This confusion was discussed more than three decades ago, when Mullen and Stebbins (1978) proposed that the isolated, extralimital tiger salamander population discovered in far Northern California at Grass Lake (Siskiyou County, CA) might represent a relictual population of tiger salamanders native to California rather than an introduced bait-bucket release. If the conjecture of Mullen and Stebbins (1978) is correct, and native, relictual A. tigrinum lineages exist in California, it is important to identify and protect these rare, vulnerable populations.
Our objective in this study was to use DNA sequence data to help determine whether extralimital populations of A. tigrinum are representatives of a rare relictual native salamander, or are the result of recent, human-mediated introductions. We collected data for all known A. tigrinum populations in California and adjacent Oregon and Nevada, and compared genetic sequence data from each population with reference samples from within the native range of A. tigrinum. We sequenced a large (1379 base pair) fragment of mitochondrial DNA from population-level samples of all extralimital populations and a thorough sampling of native lineages from throughout the western range of the species to determine the native/exotic status of each extralimital population of A. tigrinum.
Unambiguously determining the status of such populations is challenging, particularly when levels of genetic divergence are low. In this case, we reasoned that if we found mtDNA haplotypes within an extralimital A. tigrinum population that are distinct from all sampled reference populations from the native range of A. tigrinum and are phylogenetically similar to a geographically nearby reference population, this would be most consistent with the interpretation that the extralimital population shared a common ancestor with nearby relatives, but has long existed in isolation. In this situation, we would conclude that the extralimital population is likely a native relict. For example, if extralimital populations in northern California are distinct from, but most similar to, reference populations in eastern Washington, then they are probably natural, disjunct populations that were possibly separated from those in Washington during post-Pleistocene climatic drying. Alternatively, if an extralimital population of A. tigrinum shares identical haplotypes with a geographically distant reference population (say, from the Great Plains) to the exclusion of nearby reference populations, we would infer that the extralimital population has been recently introduced from that distant location.
The patterns of molecular variation observed may also provide clues on the origin of extralimital populations. For example, if a set of relictual populations were derived from a previously continuous population that was isolated during the drying of the Great Basin, those populations should collectively form a monophyletic group. But if they represent independent human-mediated introductions, there is no reason why all or most extralimital populations should form a monophyletic group, particularly if the introductions were from multiple sites.
Finally, data from known introductions can inform our analysis. Based on extensive genetic analyses and interviews with local bait dealers, it is now firmly established that the widely distributed non-native A. tigrinum genotypes in the Salinas Valley of central California were intentionally introduced in the 1950s (Riley et al. 2003; Fitzpatrick and Shaffer 2007) . If the mitochondrial variation observed in an extralimital site consists primarily of the same haplotypes as those found in introduced tiger salamanders from the Salinas Valley, we can reasonably conclude that they are also recently introduced, and do not represent a cryptic native Californian A. tigrinum lineage.
Our motivation is to use these results to inform management decisions regarding the protection of relictual native California A. tigrinum, or alternatively support the eradication of non-indigenous A. tigrinum that threaten the persistence of native species, including the California tiger salamander, (A. californiense; Fitzpatrick et al. 2009 ), the Santa Cruz long-toed salamander (A. macrodactylum croceum; Ryan et al. 2009) , and the Owens Tui Chub (Siphateles bicolor snyderi; Chen et al. 2007) . Given the predatory habits and ability to rapidly reproduce as large, paedomorphic and/or terrestrial adults, determining the status of extralimital A. tigrinum and initiating either protection or eradication are important management goals both for the salamanders and the vernal pool ecosystems that they inhabit.
Methods

Sampling
We identified four regions where A. tigrinum have been documented in California and adjacent Oregon and Nevada ( Fig. 1 ; see Table 1 in Appendix). (1) The Klamath Basin region of Northern California and Oregon includes three collection localities along US Highway 97: Grass Lake, CA, MacDoel, CA, and Worden, OR. Additionally, we included a fourth population in central Oregon from an artificial stock pond near Moon Reservoir (Fig. 1) . We group these four populations together based on the a priori hypothesis that they are relictual populations that have been isolated from extant range of A. tigrinum in Washington. The Grass Lake population has previously been described tentatively as a native A. tigrinum lineage in California (Mullen and Stebbins 1978; Stebbins 2003) or as a non-indigenous population of A. tigrinum melanostictum (Bury and Luckenbach 1976) . (2) The Long Valley Caldera region includes four collection localities near Mammoth Lakes, CA along Highway 395 and an additional location near Beatty, NV (Fig. 1 ). These populations have been grouped based on the hypothesis that they have been isolated from the western part of the range of A. tigrinum in Utah by the drying of the Great Basin. Little is known regarding the Mammoth Lakes tiger salamander populations except that they potentially have direct negative effects on local endangered native fish populations, and are therefore candidates for eradication if they are in fact nonindigenous (S. Parmenter, pers. comm.). (3) The Salinas Valley region includes 38 collection localities ranging from Gilroy, CA to Soledad, CA along Highway 101, an additional six sites at Fort Hunter Liggett, CA, and a single collection locality in the Clear Lake Basin region near Clearlake Oaks, CA at the-now abandoned-Five Star Fish Farm (Fig. 1 ). These populations are the result of hybridization between native, resident A. californiense and known introductions by Don Green and other fish bait dealers in the 1950s (Riley et al. 2003; Fitzpatrick and Shaffer 2007) . We include these populations in our analyses, as they could potentially be the introduction source for the other extralimital populations in California. Based on our extensive previous work on these populations, we included only previously genotyped individuals that contained non-native mitochondrial haplotypes based on single nucleotide polymorphism (SNP) genotypes obtained for the mtDNA Control Region (CR) marker (Fitzpatrick and Shaffer 2007) . We included animals from the Five Star Fish Farm in this region based on verbal confirmation from one of the bait dealers that these animals were derived from his initial introductions into the Salinas Valley. (4) In Southern California, we group three geographically distinct populations based on a lack of a clear biogeographic hypothesis. We have two collection sites in the Lompoc Valley near Lompoc, CA, a single individual collected in Chocolate Canyon near Alpine, CA (Ervin and Burkhardt 2006) , and an additional population at Tom Sawyer Lake near Tehachapi, CA. (Fig. 1) . The Lompoc populations are believed to be non-indigenous and have previously been subjected to eradication measures (L. Hunt, pers. comm.). In total, we included 58 localities and 344 individuals in our set of extralimital populations (see Table 1 in Appendix). To the best of our knowledge, this is an exhaustive set of extralimital A. tigrinum populations in, or adjacent to California.
Native populations that we used for comparative purposes (hereafter referred to as reference samples) included numerous collection localities from within the known native range of A. tigrinum in the United States ( Fig. 2 ; see Table 1 in Appendix). We included 1-4 individuals (N = 128) from each of 82 collection localities spanning the native range of A. tigrinum except the geographically restricted and endangered Sonoran Tiger Salamander, A. t. stebbinsi.
DNA extraction and amplification
We extracted DNA from tail or liver tissue that was either preserved in 95% ethanol or frozen at -80°C using a standard salt extraction protocol (Sambrook and Russell 2001) . Given the very low levels of nuclear divergence among members of the tiger salamander complex, including some of our target taxa (Weisrock et al. 2006) , we focused exclusively on mitochondrial DNA in this study. We designed oligonucleotide primers for the mitochondrial control region (CR), and NADH dehydrogenase subunit 2 (ND2) using Primer3 (Rozen and Skaletsky 2000) and sequences downloaded from GenBank. ND2 was chosen because of its high variability in Ambystoma (Samuels et al. 2005) and CR was used to build on previously available comparative data (Shaffer and McKnight 1996; Storfer et al. 2004) . Mitochondrial DNA (mtDNA) was amplified using the polymerase chain reaction (PCR) on Eppendorf Mastercycler Ep gradient thermal cyclers. Our PCR protocol was as follows: initial denaturation at 94°C for 7 min, 20 cycles of 30 s 94°C denaturation, 30 s 60°C annealing, and 1 min 72°C elongation, and a single 72°C final elongation for 10 min. Successful amplification of PCR product was visualized on 1% agarose gels, and the size of the PCR fragment was assessed with Low Mass DNA Ladder.
Sequencing and phylogenetic analysis PCR product was purified and sequenced using Agencourt's Single Pass Sequencing service. This service includes template purification of PCR amplicons, DNA sequencing reactions with BigDye Terminator v3.1, and sequence delineation on an ABI PRISM 3730xl. Sequences for each gene were verified by GenBank BLAST searches and alignment with GenBank sequences. We aligned all sequences using MUSCLE (Edgar 2004 ) and concatenated data from each gene. Alignments were checked and adjusted by eye, verifying that the ND2 data translated properly.
Our strategy was to first characterize the haplotype pool present at each of the extralimital A. tigrinum populations, as well as the geographic distribution of haplotypes in the known native range. We identified the unique haplotypes from all of the extralimital populations and from the reference set separately, and analyzed this complete set of haplotypes. Thus, the same haplotype could occur twice on the resulting phylogenetic tree if it was present in both the reference and extralimital populations. Using this combined set of haplotypes we inferred a single phylogenetic gene tree by partitioning the alignment by gene and carrying out a maximum-likelihood bootstrapping search in RAxML (Stamatakis et al. 2008) . We then attempted to phylogenetically assign the extralimital haplotypes to known native haplotypes (or haplotype groups if it fell within a native cluster but was not identical to any native haplotype) based on the resulting topology.
We also generated a phylogenetic network of our concatenated data using SplitsTree version 4.10 (Huson and Bryant 2006 ) with uncorrected ''p'' genetic distances and the NeighborNet algorithm (Bryant and Moulton 2004) . We also performed a bootstrap analysis with 1000 replicates implemented in SplitsTree. Phylogenetic networks may provide additional insight into the complexities of the relationships present in data such as ours that are obscured when using a single phylogenetic tree (Huson 1998) . We used both the network and phylogenetic information in combination with the geographic proximity of native and extralimital sites, to infer the most likely origin of each set of extralimital populations.
Results
We amplified 725 bp of CR and 655 bp of ND2 for a total of 1379 bp of mtDNA sequence for each individual. We recovered 69 unique reference sample haplotypes of A. tigrinum subspecies (see Table 1 in Appendix). Haplotype codes and catalogue numbers used in this study are annotated in the sequence information uploaded to GenBank (HM544136-HM545077). Across the individuals sampled from extralimital populations of A. tigrinum (including A. californiense 9 A. tigrinum hybrids), we identified 35 unique extralimital haplotypes (see Table 1 in Appendix). As expected, there was relatively little variation available for phylogenetic analysis, and ML bootstrap values were often low (Fig. 3) . Our goal, however, was to compare extralimital haplotypes with reference native sites, rather than to infer a robust phylogeny of A. tigrinum, and the data were generally variable enough for this purpose. The major splits of the phylogenetic network (Fig. 4) mirrored the well-supported clades present in the phylogenetic tree (Fig. 3) .
From the Klamath Basin, we sequenced 17 individuals from Grass Lake, 19 individuals from MacDoel Ditch, and seven individuals from Worden Vernal Pool. The Klamath Basin populations display an interesting pattern in which the southernmost site (Grass Lake) is entirely composed of Table 1 in Appendix for more locality information. Highlighted clades contain extralimital haplotypes and correspond with colored labels on Fig. 2 a single haplotype (GL01) that is shared with an individual from the Salinas Valley region (SV10) and is associated with a reference haplotype (R51) that was found in Kansas and Oklahoma and are part of a diverse Great Plains clade (Fig. 3) . We also found a haplotype identical to GL01 at Worden Vernal Pool (WVP01). The MacDoel haplotype (MD01) and common Worden Vernal Pool haplotype (WVP02) from populations 36 and 50 km to the north of Grass Lake (straddling the California/Oregon border) are identical to each other and quite different (18 substitutions) from GL01. MD01 and WVP02 are also identical to one of three haplotypes found at the isolated Moon Reservoir (MR03) approximately 250 km to the northeast (Fig. 1) . We sequenced eight individuals from Moon Reservoir, and found that the three haplotypes are distinct from, but most closely related to, two reference haplotypes (R11 and R12) from eastern Washington (Fig. 3) . The Washington reference haplotypes and the haplotypes from MacDoel, Worden, and Moon Reservoir, but not from Grass Lake, form a strongly supported Pacific Northwest clade (Fig. 3) .
In the Long Valley Caldera, we sequenced two individuals from the Hot Creek Hatchery, eight individuals from Mammoth Vernal Pool (a now-extirpated population), 16 individuals from Sherwin Creek Pond, and 49 individuals from Laurel Pond, a large, artificial pond. The Long Valley Caldera region revealed four haplotypes, two that were common (LVC01 and LVC02), one that was rare but present at three of four sites (LVC03) and the last (LV04) represented by a single individual. The LVC03 haplotype is identical to other non-indigenous haplotypes (CLB03 and SV16) and reference haplotype R02 from New Mexico (Fig. 3) . LVC02 falls within a clade with several Salinas Valley haplotypes (SV07-09), and is identical to reference haplotype R52 from New Mexico. LVC01 is not strongly associated with any particular reference haplotype but falls within the large Great Plains clade that includes the Salinas Valley and other extralimital haplotypes, as well as a collection of reference haplotypes from New Mexico, Oklahoma, and Texas (Fig. 3) . The four individuals sampled from the Beatty, NV population revealed two haplotypes (B01 and B02). B01 was identical to SV06 from the Salinas Valley, and both B01 and B02 are nested within the Great Plains clade containing many known non-indigenous Salinas Valley haplotypes.
We sequenced up to five individuals from each of the 44 Salinas Valley region localities. The Salinas Valley region contained almost half of the haplotype diversity present in all of the extralimital populations (16/36). Several Salinas Valley haplotypes were identical to reference haplotypes. For example, the ''Bluestone Quarry'' haplotype (SV02) and a reference haplotype from New Mexico and Texas (R47), and a ''Fort Hunter-Liggett'' haplotype (SV12) and a reference haplotype from Oklahoma (R30) form two such pairs (Fig. 3) . Many Salinas Valley haplotypes (SV11-14) are associated with reference haplotypes from the Great Plains but lack strong bootstrap support (Fig. 3) . The most common Salinas Valley haplotype (SV16) was associated with a Southwest clade containing reference haplotypes from Arizona, Idaho, New Mexico, and Utah (Fig. 2) . The somewhat isolated Fort Hunter-Liggett populations are *60 km south of the upper Salinas Valley populations and contain two haplotypes (SV07 and SV08) that were distinct from the rest of the Salinas Valley, but remain nested within the Great Plains clade (Fig. 3) . The Fort HunterLiggett populations also shared the most common Salinas Valley haplotype (SV16) with the upper Salinas Valley populations (Fig. 3) . We sequenced 52 individuals from the Five-Star Fish Farm in the Clear Lake Basin. This population revealed only three haplotypes despite extensive sampling over multiple years, and one of these haplotypes (CLB02) was only present in a single individual. Of the remaining two common Clear Lake Basin haplotypes, CLB01 clustered with haplotypes in the Great Plains clade from New Mexico and Texas (R48-50), while CLB03 was identical to haplotypes R02 from New Mexico, SV16 from the Salinas Valley, and LVC03 from the Long Valley Caldera in the Southwest clade (Fig. 3) . The Lompoc Valley region of southern California revealed a single haplotype (LV01) that was shared only with the two individuals sequenced from the Tom Sawyer Lake (TSL01) population. This haplotype was unique and not found in any of our reference samples, but fell within the large Great Plains reference haplotype clade containing most of the non-indigenous Salinas Valley samples (Fig. 3) . The single Chocolate Canyon individual from extreme southern California contained a haplotype (CC01) that is identical to reference haplotype R27 from Wyoming (Fig. 3) .
Discussion
Our sequence data shed new light on the question of whether extralimital A. tigrinum populations in California and adjacent Oregon and Nevada harbor relict native lineages or are the result of recent, human-mediated introductions. Given the broad distribution, and the potential for separate histories of each set of extralimital populations, we discuss the evidence for or against human-mediated introduction for each region separately.
The Northern California Klamath Basin populations are likely the result of two separate and recent introductions into California. Our data suggest that the Grass Lake population has likely resulted from a single human-mediated introduction from stock similar to that released into the Salinas Valley. This conclusion is in contrast to an earlier study that used morphological measurements to evaluate the taxonomic relationship of Grass Lake salamanders with other subspecies of A. tigrinum (Mullen and Stebbins 1978) . Our reasoning for this conflicting conclusion is simple; the lone Grass Lake haplotype is identical to a haplotype detected in the Salinas Valley where we know that human-mediated introductions occurred, and similar to a reference haplotype found in Oklahoma and Kansas. We conclude that only a single introduction event may be responsible for this population based on the lack of haplotype diversity despite extensive sampling over multiple years. Alternatively, the low haplotype diversity can be explained by repeated population bottlenecks due to the isolated location of Grass Lake and the presumed low population sizes that would be necessary to allow the population to have gone undetected prior to 1969 (Mullen and Stebbins 1978) . The sequence identity of the Grass Lake haplotype with a known non-indigenous haplotype from the Salinas Valley (SV10) and an Oklahoma/Kansas reference haplotype (R51), to the exclusion of more geographically proximate native A. tigrinum haplotypes from eastern Washington (R11-12) is compelling evidence for our conclusion that the Grass Lake population is nonindigenous. Additionally, the discovery of tiger salamanders at Grass Lake in 1969 (Mullen and Stebbins 1978) roughly 10-20 years after the large-scale introductions into the Salinas Valley and subsequent transfer to other areas in California (e.g., Clear Lake Basin), further supports our conclusion that the Grass Lake population is nonindigenous.
The other two Klamath Basin populations in MacDoel, CA and Worden, OR also exhibit low haplotype diversity. Twenty five of 26 individuals shared a single haplotype, which was also shared with the Moon Reservoir population in Oregon. Ecologically, the Moon Reservoir population seems like a strong candidate for being non-indigenous (Stebbins 2003) ; it occurs in a highly modified habitat (to our knowledge, a single, artificial stock pond), and there is a history of fish stocking (and sport fishing) in the vicinity (Bowers et al. 1999) . However, genetically the Moon Reservoir population is closely associated with haplotypes from the native range of A. tigrinum from eastern Washington and with the geographically proximal populations from MacDoel Ditch and Worden Vernal Pool. From the genetic data alone, we conclude that the Moon Reservoir, MacDoel Ditch, and Worden Vernal Pool populations represent either the expansion of salamanders from the native range of A. tigrinum in Washington (either naturally or via human intervention), or remnant native A. tigrinum populations from a once large metapopulation that became isolated following Pleistocene drying. We cannot distinguish between these two alternative hypotheses with our data. Furthermore, we detected a shared haplotype between Grass Lake (GL01) and Worden Vernal Pool (WVP01) suggesting that either natural or human-mediated movements could be resulting in the admixture of these two distinct salamander lineages. If the MacDoel Ditch and Worden Vernal Pool populations are native, hybridization with lineages from Grass Lake presents an immediate risk of biodiversity loss via hybridization. Based on our data, it remains possible that the A. tigrinum populations at MacDoel Ditch in far-northern California and Worden Vernal Pool in extreme-southern Oregon are native. Until additional data are obtained, we suggest that these populations should be protected from immigration of non-indigenous tiger salamander lineages and considered potential candidates for management as threatened populations.
The Clear Lake Basin haplotypes are genetically in agreement with the statements of bait dealers that animals introduced into the Five Star Fish Farm were of the same stock introduced into the Salinas Valley in the 1950s. Furthermore, the Salinas Valley haplotype diversity likely reflects the diversity encountered by bait dealers in the native range of A. tigrinum from which the stock was collected for the initial large-scale introductions. While we cannot make precise conclusions from our phylogeny, it is interesting that we have recovered a strongly supported Southwest clade containing Salinas Valley haplotypes that are distinct from the Great Plains clade. The variation observed among introduced Salinas Valley haplotypes makes sense because the bait-dealers stopped at multiple locations during their collections. Interviews with one of the individuals involved in the introductions (Don Green) indicated that animals were collected from a variety of locations including Arizona, Colorado, and Texas (Riley et al. 2003) , and our genetic results are consistent with this verbal account. In total, we have found that the salamander stock introduced into the Salinas Valley overlaps with haplotypes from throughout the western native range of A. tigrinum. However, based on these genetic results, it appears that the primary source of the introductions was closely related to populations in central New Mexico (R02 and R47-50; Fig. 2) .
The populations at Fort Hunter-Liggett may represent the combination of introductions from the native range of A. tigrinum and transfer of individuals from the Salinas Valley. A previous investigation of the Fort Hunter-Liggett sites revealed that these populations were composed primarily of A. tigrinum genes, with low levels of native A. californiense also present (Fitzpatrick and Shaffer 2007) . Our data suggest that some of the non-indigenous haplotypes encountered at Fort Hunter-Liggett were potentially transferred from the upper Salinas Valley populations, as several haplotypes are shared between the two regions. However, we cannot say whether the native haplotypes identified by Fitzpatrick and Shaffer (2007) were similarly transferred from the Salinas Valley or present before the introductions.
The four Long Valley Caldera populations demonstrated high within-site haplotype diversity relative to other heavily sampled population (e.g., Clear Lake Basin, Klamath Valley). Each of the four Long Valley Caldera breeding site shared haplotypes with other sites in the region, which is not surprising given their close geographic association (our four sampling sites are within 6.5 km of each other). The haplotypes of the Long Valley Caldera region were placed in the phylogeny in both the Great Plains and Southwest clades, containing much of the Salinas Valley non-indigenous haplotype diversity. Thus, the phylogenetic placement of the Long Valley Caldera haplotypes mimics the distribution of Salinas Valley haplotypes, suggesting either a common pattern of introductions or sequential introductions from one region to another. Specifically, the two most common Long Valley Caldera haplotypes are highly associated with the ''Christiansen Agricultural Pond'' (see Table 1 in Appendix), which is almost entirely non-native at nuclear SNP markers (JR Johnson and HB Shaffer, unpublished data) , and the Five Star Fish Farm introduction site, as well as reference populations from New Mexico which we believe were near the actual collection sites. The Long Valley Caldera region shows no evidence of relict A. tigrinum lineages despite heavy sampling effort over multiple years and all known breeding sites. These A. tigrinum populations frequently produce paedomorphic (i.e., large, sexually mature, gilled adults) individuals that have the potential to negatively impact endangered fishes through direct predation (Steve Parmenter pers. comm.). Because the available evidence is consistent with the interpretation that the salamander populations in the Long Valley Caldera region are the result of introductions of exotic A. tigrinum, we feel that management action in accordance with preventing negative interactions with the Owens Valley fishes is appropriate. The Beatty, NV haplotypes are strongly associated with Salinas Valley haplotypes and a reference haplotype from New Mexico contained within the large Great Plains clade, confirming that this population is also non-indigenous.
No reference haplotypes were identical to those found in the Lompoc Valley and Tom Sawyer Lake extralimital populations. This suggests that the Lompoc and Tom Sawyer Lake populations are probably distinct introductions from those that occurred in the Salinas Valley. Given their distribution outside of the Great Basin and within the range of the California tiger salamander and their recent discovery in areas of high human population density, they must represent non-indigenous populations of A. tigrinum. We apparently did not sample the source region, or at least an identical representative haplotype in our reference samples and cannot conclusively show that these populations are non-indigenous based on the genetic data. However, the placement of these populations in the Great Plains clade containing many Salinas Valley haplotypes (Fig. 3) indicates that they are likely non-indigenous (if not from the same stock), and that further sampling from the native range of A. tigrinum might reveal the details of their source.
If we can assume the Lompoc Valley populations are non-indigenous, they represent a direct threat to the persistence of a native endangered species, the Santa Barbara distinct population segment of A. californiense. Using nuclear SNP markers we have recently identified the first known hybrid individual between these two taxa in Santa Barbara County, CA, approximately 15 km from the sampled Lompoc Valley populations (JR Johnson and HB Shaffer, unpublished data). The spread of non-indigenous genes through native populations of A. californiense in the Salinas Valley has occurred broadly and rapidly (Fitzpatrick and Shaffer 2007; Fitzpatrick et al. 2009 ) and raises many conservation concerns regarding the management and protection of the A. californiense in the face of hybridization (Ryan et al. 2009; Fitzpatrick et al. 2010) . Given that contact and hybridization have just occurred in the Santa Barbara/Lompoc region, it is critical to take measures to eliminate these populations and prevent the spread of individuals/haplotypes out of the Lompoc Valley into the range of the endangered Santa Barbara distinct population segment. We view this as a critical conservation action in need of immediate attention.
Lastly, the Chocolate Canyon haplotype is contained within the Great Plains clade and grouped with reference haplotypes from Wyoming, Colorado, and Nebraska, but with no obvious association with other extralimital haplotypes. However, this population was represented by only a single individual, so shared haplotypes with the Salinas Valley may have gone undetected. Future tissue collections from Chocolate Canyon should lend more insight into the status of the population.
Conclusions
We did not find clear evidence for relictual native tiger salamander lineages in California's extralimital A. tigrinum populations, but were unable to eliminate the possibility for some sites. For the extralimital haplotypes encountered in the Clear Lake Basin, Long Valley Caldera, Salinas Valley, Lompoc Valley, Chocolate Canyon, and Tom Sawyer Lake regions, we found similar or identical haplotypes from Great Plains reference populations in the native range of A. tigrinum, indicating that these populations are the result of introductions. Our genetic data fit with anecdotal and published reports of bait dealers repeatedly importing A. tigrinum from New Mexico and Texas into California 50-60 years ago. In our opinion, conservation of native species such as the Santa Barbara subpopulation of the California tiger salamander and the Owens Valley fish assemblage should proceed under the assumption that these extralimital tiger salamander populations are non-indigenous.
Only in the Klamath Basin populations is there a realistic possibility of native, disjunct A. tigrinum populations. Haplotypes from Grass Lake in the southern Klamath Basin are clearly introduced and share a haplotype with the known non-indigenous Salinas Valley populations. However, the more northerly ones from Worden Vernal Pool (in Southern Oregon), MacDoel Ditch (in extreme Northern California), and Moon Reservoir (in Central Oregon) form a unique, monophyletic group of haplotypes that is most closely related to, but distinct from, those farther north in eastern Washington. Perhaps additional sampling in the Pacific Northwest will reveal that the extralimital populations in Oregon are the result of introductions from these native Washington sites, but based on our data, the possibility remains that these are relictual populations, potentially in need of protection. Our data suggest the occurrence of gene flow between the introduced Grass Lake population and at least one nearby population, and it therefore remains possible that movement of individuals from Grass Lake to the other Klamath Basin populations could result in the genetic extinction of a relict native tiger salamander in California. 26703-4, 26707, 26709, 26712, 26718, 26722-3, 26725-6, 26729, 38115-7, 38119-21, 38145-6, 38149, 38151-5, 38157, 109682, 109686-91, 109693- 
